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Introduction
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Prologue

Higgs observables
Recent results from CMS and ATLAS

Prospects

“‘“\, means new from Moriondi4

Disclaimer: BSM Higgs results will be discussed in
detail in next talk




Prologue(a) UF

>10 years of hard work in design and construction!
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Forwand Calorimmtens

End Cop Torods
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Length : ~45m Length : ~22m
Diameter : ~24m Diameter : ~14 m
Weight : ~ 7,000 tons Weight : ~ 12,500 tons
Electronic channels : ~ 108 Solenoid: 4T
Solenoid: 2T Fe yoke

Air-core toroids Compact and modular

Excellent Standalone Muon Detector Excellent EM Calorimeter
and Hadron calorimeter And tracking







Prologue (3)
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Discovery at M, ~ 125 GeV, in both ATLAS and the CMS experiments
combining X — yy and ZZ* channels (additional evidence from X — WW¥*)
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But this is only part of the story.....
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Higgs BR + Total Uncert

10?

o x BR: Higgs decays UF
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AM/M ~ 1-2%  High resolution

H— vy Rare, S/B < 1
H—-ZZ*%—=4 Veryrare, S/B >> 1

AM/M ~ 10-20% Medium resolution

H — bb Abundant, S/B << 1
H— 1t Abundant, S/B < 1

AM/M > 30% Low resolution

H — WW*— 2{2v Very abundant, S/B < 1

4 production modes x 5 decay modes (yy, ZZ, WW, 1z, bb)

~ 100 exclusive final states (production, decay, event categories)
are contributing for M, ~ 125 GeV !



ATLAS and CMS demonstrated they
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can measure SM bkgs very well! 0 |
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Third part of the story: the bkg! UF

Standard Model Total Production Cross Section Measurements Status: March 2014
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TheV, di-top, top and VV are "must”
measurements to perform before
searching for H....
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The “golden” channel — Narrow peak over a locally flat continuum
Very high mass resolution and S/B >> 1
Very low rates (o x p ~ 0.8 fb at 125 GeV)

5/3/7([5 Ure: B | SO
Four isolated leptons from
Common primary vertex =

f{na/y&'é fey-' X
 Precision on lepton (E,P)  mwow, 1
& highest possible g,

down to lowest P;

« Maintain the reducible
background well below
the ZZ* continuum

D/'\S crinrnndad /'/73 variaé/ esS:-
M,
Kinematic Discriminant (e.g. M,;, M,,, 5 angles from decay chain)
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4l mass UF
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new: Run I "legacy analysis"

et

mMu=124.51+0.52+0.04 GeV
prevnous mH_124 3*06 5+0 0.3 GeV VV) 125.6 £0 4(stat)=0.2(syst.)
s s s S A —— Obs. 6.80 (exp. 6.70)

CMS, arXiv:1312.5353 (PRD 2014)

}{ ATLAS: new regressmn technlque |
. for photon and electron energy !
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Narrow peak over falling ~ monotonic background
Very high mass resolution but S/B < 1

! 't
. . . AMANVVAN .
In gg-fusion production mode WS . Lo
L %‘, . LA t
Low rates ( o X B ~ 48.6 fb at 125 GeV); w%:%wmw NN
. ! L v
5/‘3/7 (i'(“ Jlre: . \ (awaiting "legacy” results)
. 3 515" fom 7 Tav ATLAS Proliminary o = ] o e
TWO ISOIated phOtons i‘ . ‘w ::.sm.:-“w m'u E 8 200__:::15:;:\'/"1“521m“(MvA) :°*:- ‘. """_—
AR samremant categories — Soraetmckroung _§ ';‘_'3 - 1s=8TeV.L=1961" (MVA) [ 1o bt .
Aralysis Key: i S IS0 I
Photon E measurement (ECAl . . 3 20
Photon angles ERI
(ECAL and primary vertex) L E fg; o
Photon ID and Isolation P& > ol
£ = p o
D/.\Scr/‘ﬁ?/‘ndfllrg \/(i/‘/(ié/e\f J' E 110 120 150 140 150 6o %400&;: o h 1:11() ‘ ]
Mvy. P e m,, (GeV)
I8y Ty . ) « Signal extracted from simultaneous S+B fit to all event categories '
Event categorization with S/B varying from ~ 1/1 to 1/20
(Optimize sensitivity to different + M, systematics dominated by uncertainty on Ey scale (extracted via Z — ee)
Myy resolution, or different 125 4.+ 0 5(star) + 0 6( svs
production modes) mMy=125.98+0.42+0.28 GeV 2340 stat)=0.0(syst.)

Obs. 3.20 (exp. 4.20)

PAS HIG-13-001 (March 2013)

« previous: mH=126.8+0.2+0.7 GeV
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Large rates ( o x B ~ 200 fb at 125 GeV) and low mass resolution

5/:9/7(42‘ Ure:

Two opposite sign isolated high P; leptons
and missing E;

Analysis Key:
Backgrounds from control regions with data

Irreducible gg/yy — non-resonant WW*
Reducible: top, W+jets, di-boson, DY, ...

Small M,, & small opening angle A®,, had
(especially for on-shell W's) exploits

the scalar H nature and V-A structure

of EWK interaction

momentum direction m——.
angular momentum direction =————f
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New:
Run I "legacy analysis

e.g.

eu channel
0+ 1jets

,m.:';n = 2]751.".12.‘[‘.“3‘5(1 —cos Ad(#f, E‘rrmss))

The interpretation
uses 2D templates
in my vs m, plane

Obs. 4.30
(exp. 5.80)

CMS JHEP01(2014)096

S/(S+B) weighted events / bin

H->WW
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H->fermions
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Large rates ( By _. ,p ~ 58%) and medium mass resolution

S/gmzz‘are :

H — bb ggH, H — bb is saturated by QCD

f/ /7(2/}/5 1S %e}/ :

Mass discrimination

background = focus on WH and ZH against background
prod. with b-tagged jets and = 1 lepton  fom Z/W + heavy
H—vx Exploit production and t lepton flavours
decay dependent categorisation
| Combined H - tt&H — bb
H— 1t nNew: Runi “legacy analysis” CMS F=7TeV L=5b" f5=8TeV L=19-20 &'
CMS, 4.9 1b" at 7 TeV, 19.7 fb” at 8 TeV 8 . e ————— - 20p ' ' '
I~ AR B | . P o aoc ?.gsmvuww. i::h c _ 125 GeV
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s ' o
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CMS, VH-> b b, 20 obs CMS, arXiv:1401.6527 (Nature)

Sign. strength  1.4*93 0.78 +0.27

Significance 4.1o (exp 3.20) 320 (exp 3.70

Evidence for H-> fermions (CMS) !|

Ueomb. = 0.83 £ 0.24
Obs. 3.80 (exp. 4.40)
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Putting it all together: mu

u=xp)(oxp)g,

Signal Strength

-m+033
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+027

+029%
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u=0.76221
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ATLAS yy+ZZ combined

Significance
740 (4.30) W,
6.60 (4.40) U
3.80 (3.80) Kovw
416 (3.20) e
S 0.360 (1.640) Lo
é Obs. (Exp.) Combined
S 320 (4.20) w.
% 6.80 (6.70) 4
= 430 (5.80)  Myw
3.30 (3.70) K
2.1 (2.10) o
Obs. (Exp.) %g:ir\]gpee)d
Mass

15

125.5+x0.2(stat)=0.55(syst.)

| |
Adeba| 1 uny

0 0.5 1

1.5 2
Signal strength

CMS w+ZZ combined*
125.7x0.3(stat) =0.3(syst.)

* Results as of Moriond 2013

UF
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Putting it all together: prod modes
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New combination: ATLAS CONF-2014-009
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The ratio g,y / U is indep. of decay
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CMS profiles VH, ggH, ttH
Lypr =0.95£05

uyee = 0 Is excluded at ~30 level

UF

CMS H — ZZ "legacy”: arXiv-1312.5353 (PRD)

CMS \vs=7TeV,.L=51I";ys=8TeV.L=19.700"
I | LN RAAAR e vpve JARRE AR UL
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CMS H — WW "legacy”: JHEP01-2014-096
cms 49" (7TaV) + 19415 (8 TeV)
I25llYlfl'llfl'l'lll"'lll'
g .
= [ H— WW (&l channals)
L + Observed 4
2+ — 658% CL Cbserved —
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| I A _Exp for SMH
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15 95% CL Expetted

Also CMS Combination from spring 2013 in PAS-13-005
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06 07 08 09 1 14

New: ATLAS CONF-2014-009

12 13 14 15 16

Ky

0 Bkg. only

A
T Putting it all together: coupling to fermions and bosons UF
A
S
ATLAS CMS
CMS Peeliminary \s=T7TeV, L<B.1fo! ys=8TeV,L< 1964
:llIlIIIII]IIIII]IIIIllll]l:.l..lﬁl;;Ibe:ll I_T)l’lt%ll'l Q_ . - ‘ ‘.
4C ATLAS Preiminary  £iH S 4l S H - v - ¢ SMHiggs @ Fermiophobic
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- |
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“H- 11
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20 | |
, ' THENETE AT IR ATy

CMS PAS-HIG-13-005 Moriond 2013

also here compatible with SM within uncertainty |
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Direct

Indirect

« Measurement of resonance width limited by experimental precision

e.g. Limits at 95%CL from CMS T < 4.9 GeV from H — vy
I' <3.4GeVfromH — 4

“"Results consistent with a single narrow resonance”

 For a Higgs boson at M, ~ 125 GeV, total width ', ~ 4.2 MeV
Iy«My & Iy« AM,meas

"Direct measurements of I';; seems a priori impossible at the LHC ..."

Give up ? ... Not quite ...

« Two possible techniques at the LHC

- By "interferometry": exploit the effect (change of sign) of the
Interference around the resonance peak (e.g. slight shift of Myy) ...
= requires very large statistics (Run II and beyond)

- By the "propagator”: exploit relative intensity of the on- and off-peak
signal, taking interference with irreducible background into account.
= already exploitable with Run I data in the H — 4¢ channel

Higgs boson decay width (2) UF
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Events/0.05
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i b b beaa by by L

Events/bin
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Higgs boson decay width (1) UF

12 CMS Preliminary (s=8TeV,.L=197%H ~
2L ’ |
< L
Tio” \
o et
- [ 7 Ho ZZ Alv212y
8~ . 7= Observed
L ’ ,I _
Y A A S Expected u=n_
- e Expecled u=1
6 B B 682 CL
— 95% CL
e B —
2
01‘4/1‘1llllllllllllllllllllllllll

0 5 10 15 20 25 30
[”SM

Observed Expected

r="I/Tg, <4.2 8.5 95% CL
I'<174MeV 35.3MeV 95%CL

Best fit : r = /Ty, = 0.3 *15,,
r — 1.4 +6.1_1.4 Mev
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®  Direct study of top Yukawa coupling

= exploring all accessible Higgs decay modes

= Approaching SM sensitivity

< CMS
o
L)
9
S
-
O
% CMS Preliminary is=7TeV,L=50f";Is=8TeV,L=1951’
U ' f i
E vy — Expecled= 10
< : --= Expected+ 20
32 - : Expected (sig. inj.)
= bo I~ . -8~ Observed
Hadronic vt | +: :
4] —
3l —
Same-Sign 2| — +
Combination — ; ; +
Lo il : i | [ T S
1 10
o) H 1 —
95% CL limit on o/og,, at m, = 125.7 GeV

20

Search for ttH, H—bb

* results:

- u=1.7+1.4, consistent between 2 channe

[—
o 10-' . ATLAS Preliminary —4— Data 2012
@ 3 -tﬂ~ W, =1.7)
i ' ""*'l
10‘ D B"qd
107 =
- y5=8 TeV
1¢° = [Ldt=203 "
_ Comb. Single lepton and Dilepton
. 11081 ;_ng_g A_L FERVE I U IR USRS IR T T U N T S0 U T O S
S e, E’l')d ’
é_ :3_‘_ i, ) + Bhgd
g i T *
O  (sE

4 35 3 25 @2 18

ATLAS CONF-2014-011 - '
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Higgs spin and parity
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« The spin-parity of the Higgs boson candidate (assuming pure JP state)
can be tested in di-boson decay channels or via associated production

H— vy ATLAS, CMS

Test 0* against 2* states
e.g. exploit the prod. dependent scattering
angle in the Collins-Sopper frame

H— ZZ* — 4] ATLAS, CMS
Test 0+ against spin 0-, 1* and 2* states

e.g. exploit mostly the angular
correlations in the decay chain

H—- WW* - 2¢ 2v ATLAS, CMS

Test 0+ against O or 2+
e.qg. exploit the prod. dependent ATLAS PLB726 (2013) 120144
2D distributions in myand M, qus prD110 (2012) 081803 arXiv:1312.5353 & 1129, PAS-HIG-13-016
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pseudo-experiments

A
T
L
A
S
CMS (s=7TeV.L=51fb";{s=8TeV,L=19.71fb"
A LA | I | B I L B S ] | | | ] L ] 1 | | l
_ ot
0.1 0 -
. ~— CMS data
oo8- 7 -
s S 5,
0.06 B
0.04}
0.02

% 20 -10 o0 10 20 30
21In(L, I£,)

CMS arXiv:1312.5353 (PRD 2014)

Higgs spin an parity UF

ATLAS PBL 726 (2014) 120-144.

ATLAS
H— vy e Data
\s=8TeV [Ldt=207M"

' v CL, expected
H—ZZ" - 4l assuming J P -0 '
\s=7TeV [Ldt =46 1b" B:iio

\1s=8TeV del =20.7 "

H— WW* — evuv/uvev
15=8TeV [Ldt=207 1"

0 25 50 75 100
%

Spin o nature of the boson, o+ strongly preferred



Michele de Gruttola

23

Higgs couplings

19.03.14 |
Custodial Az [~ hwz=094%7  ATLAS  b—ed
Symmetry Mz [ 10.73-1.0] CMS
KF [ xe=0095y ATLAS -
EOUF{"ng to " KE — [0.71-1.11] CMS —
ermions ( « M Ky [ ky=1.152% ATLAS 4
and bosons ( = M,?) K\\; - LI
Ay — ey = 0.86701 ATLAS
Heavy quarks EV e 1._|
in the prod. loop ‘I Kg ““'[c:;;b pzzi" -------- ::_\L_L:_s_ ————————————————— | [
g [— [0.73-0.
W boson and Ky = =1190%  amas | F4
top quark in the loop Ky L [0.79-1.14] oMS
Flavour Mgy [~ I078145) ATLAS
Symmetry Mgy [ 11.0-1.6] CMS
Mol 0ssts ATLAS e
7\|q — [0.89-1.62] CMS
B, Bwoss ATLAS ~&—
Biu —l p‘!l$0{6;41 Ll l L1 ICMSI L1 1 I L1 11 l L1l 1 1 L1 11 l L1 1 1

Table from E. Gross, Moriond 2014

-2 -1.5 -1 -0.5

ATLAS CONF-2014-009

CMS PAS-HIG-13-005 Moriond 2013

1 1.5
Coupling scale factor




Projection of coupling UF

Kg, Ky, Kzy: loop diagrams = allow potential new physics

Kw, KZ: vector bosons CMS Projection
. H e I [ I l 1 I | l
Kt, Kb. e and down type quarks Expected uncertainties on — 3000 fr'at {5 = 14 TeV Scenario 1
KT’ K“: Charged leptons H;ggs boson coup”ngs — 3000 fo''at (S = 14 TeV Scenario 2
total width from sum of partial widths i { o
*1 precision
N * " measurements
< Assumptions on systematic uncertainties : —
§ Scenario 1: no change Ra
5 Scenario 2: Atheory /2, rest o< 1/JL "
> N
2 K' 1
S :
f) : e . . I | A
= coupling precision 2-10 % 0.00 0.05 0.10 0.15

factor of ~2 improvement from HL-LHC expected uncertainty

L(fb~ 1) Ko KW K Kg Ky, Ky K KZy Ky
300 157] | [4,6] | [4,6] | [6,8] | [10,13] | [14,15] | [6,8] | [41,41] | [23,23]
3000 [2,5] | 12,5] | [2,4] | [3,5] | [4,7] [7,10] | [2,5] | [10,12] | [8,8]

from Snowmass, ECFA processl
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but we need some expensive maquillage UF

curremt Phasel PhaseR

Michele de Gruttola

Runi 2015-2X 2030
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CMS,

Conclusions

m Wide range of Higgs production and decay channel
studied by CMS and ATLAS

m  All signatures so far compatible with SM

o future precision measurements can unveil its nature

m CMS and ATLAS are finalizing Runa results and preparing
for Run2 (and also Stage2 of the detectors)

o we need to enforce the development of

- new detectors - yes there will be brand-new ATLAS and CMS!

- new analysis techniques to cope with high lumi!
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CMS
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New ATLAS mass meusurements UF

Michele de Gruttola
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« measurement possible using high-resolution channels:
H—ZZ"—4| (om~1.6-2.4 GeV) and H—vyy (om~1.7 GeV)

ATLAS a1

-
3 .
: '5‘"”_ > &0 —129; boach <1268 GeV (1 r“_
+ previous result (7+8 TeV): PLB 726, 88 (July 2013) § w. ™S e f‘_’° ) E
e mH = 125.5+0.2%9° ¢ GeV m;‘ mled. . E
« 2 46 tension: Am=2.3+0647+0.6 GeV o : ]
T o 4,,./\\
« changes in new measurement: 2 mi ot
» new e/y calibration oo
. i i :‘E 40— ® Data 201142012 ATLAS .
 improved e/y and 1 energy scale uncertainties S e 22
L - . £ Emeammzzz I
- event classification optimised for best 6w in H—77, " b, S Btz ¢ (4250 HESEHE

iIndependent of model of production

« improved expected statistical uncertainty in H—Z2Z"
with 2D likelihood fit

Syst.Unc. ’
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